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COMPLETE SPECIFICATION 

Expandable Thermoplastic Polymer Particles containing 
Volatile Fluid Foaming Agent and method of 
making the name 
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w*e, Thb Dow Oomicu, Company, ■ 
Corporation organised and existing under the 
L*'*j oi the Sute DeJsware, United Stttei 
:.' Africa, zi AKilind, O-Hsrry ->f MMhutf, 
State of Michigan, United States of America, 
do hereby declare the invention, for which we 
pray that a patent may be granted to ua, and 
the method by whicA it is to be performed, to 
be particularly described in and by the follow- 
ing statement: — 

This invention relate* to uJis?*** oarticles. It 
more particularly relates to piaatic particles 
which h««e incorporated -Herein t discrete 
phase Uml tc tzz\ct** ] : prepare there- 
from. 

One nf the major disadvantages of the prior 
methods of making the io^zzd thcrmoolaattc 
products known to the an is th«* inherently 
the cell size of the foamed plastic material is 
relatively large and that the panicles them- 
aeJves are not readily available commercially 
in sizes lumciently small for some applications. 
In many l-asaces it is desirable to have 
available an expandable thennoptanic rr«»«ous 
material which it capable of forming a unitary 
cellular bodv having a small cell size and cap- 
able of coniorming to minute variations of a 
mold cavity. Further, it would be advantageous 
and beneficial to have available a thermoplastic 
resinous particle or bead which is capable of 
expanding into a single cell when required. It 
would also be beneficial if there were available 
a method of fabricating thermoplastic resinous 
(Price 4$. 6d.) 



particles having, a generally cup-like or , 
gene tally spherical urn-like configuration, 35 

In accordance with this invention these bene- 
«?• i*p »r*;.~** bv nmvvfinr a cnonocciiuisr 
thermoplastic resinous particle having encap- 
sulated therein af discrete portion of at least 
one non-polar liquid, volatile blowing agent for 40 
said thermoplastic resinous particle. • 

Further features and advantages oTthe in- 
vention will become more apparent from the 
following specification when taken in con* 
nection with the accompanying drawings 45 
•herein: 

Figure 1 depic*? a thermoplastic 
particle in accordance witn u»c ' 

Figure 2 illustrates a particle in 
with the invention ofter heat-treating; SO 

Figure 3 illustrates an alternative embodi- 
ment of a panicle accordance trfth the in- 
vention » 

Figure 4 is a sectional view of a parucle of 
Figure 3 after heating; 55 

Figure 5 illustrates a sectional view of a 
particle in accordance with Figure 4 contain- . 
ing an additional feature; 

Figure 6 is a sectional view sf a body com- 
prised of expanded particles of Figure 1; 60 

Figure 1 depicts an article having a coating 
employing particles of the invention; 

Figure 8 depicts, a schematic enlarged 
sectional view of a coating such as in Figure 
7; and ' 65 

•Figure 9 is a schematic enlarged sectional 
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view of the costing of Figure 8 in cipanded 
form. 

In Figure I there ii Illustrated t sectional 
view of i panicle generally designated by the 
3 reference numeral 10. The panicle 10 com- 
priaea the thermoplastic resinous, generally 
spherical iheil 12. The shell 12 defines an outer 
spherical surface 14 and an inner spherical 
surface 15. Confined within the spherical sur» 
10 face 15 ii a non-polar liquid blowfnr sgent 17, 
and the blowing agent 17 fills a major portion 
of the- cavity defined by the inner surface 15 
*** ' ^mf nnf'itmf to initially define the vapor space 
18. The panicle 10* Is of generally symmetrical 
1 * spherical configuration having the inner surface 
' 15 and the outer surface 14 in a generally 
concentric arrangement. 

In Figure 2 there is illustrated a sectional 
view of a monocellular panicle or monocell 
20 generally designated by the reference numeral 
20 which comprises a body 21 of thermoplastic 
resificua material. The body 21 is in the form 
of a generally spherical shell having an outer 
surface 23 and an inner surface 24. The inner 
25 surface 24 defines a space 26. The panicle 20 
of Figure 2 h formed by heating a panicle 
such as panicle 10 of Figure 1 to a temperature 
sumocntiy high to permit plastic flow of the 
wall 12 and to vaporize st least a portion of 
30 the blowing agent 17 sufficient to provide 
adequate pressure to deform the spherical shell 
12 of Figure 1'into the shell 21 of Figure 2. 

On cooling of the shell il, the thermo- 
plastic resinous material no longer will flow 
35 and deform and it retains its increased dimen- 
sion, while the blowing agent tends to condense 
and results in a reduced pressure within the 
panicle. Usually on expansion of a particle 
such as 10 into the configuration of the panicle 
40 such as 20, the pressure wjthin, the space 26 
will usually be leaa than the atmospheric pres- 
sure surrounding the outer surface 23 of the 
shell 21 and the wall thickness of the shell 21 
then governs the rate at which the higher 
45 pressure atmosphere outside the expanded par- 
ticle 20 diffuses through the wall and into the 
space 26. Frequently, the raising agent simul- 
taneously diffuses out of the farncte as the 
atmosphere or air surrounding the panicle 
50 diffuses in. Generally, the expanded panicles . 
on storage tend to lose their blowing agent to 
the atmosphere. 

la Figure 3 there is illustrated a sectional 
view of aa alternative embodiment of the 
55 invention wherein a generally spherical panicle 
30 comprises a shell 31, defining a generally 
spherical outer surface 33 and an inner surface 
34. The inner surface 34 defines a cavity or 
space 36 having disposed therein a non-polar 
60 volatile blowing agent 37 and a vapor space 
38. The apace 36 is not disposed concentrically 
with the outer surface 33, thus providing the 
shell 3 1 with a heavy or thick wall portion 39 
and a thin well portion 40. The panicle 30, on 
#5 heating to a temperature sufficiently high to 



promote plank flow in the shell 31 and to 
volatiliic the blowing agent, forms • panicle 
such as panicle 45 of Figure 4.% 

Figure 4 la a sectional view of a panicle 45. • 
The panicle 45 has a ztncrally spherical cup- 
like configuration. The body portion 46 defines 
an exterior surface 47 and an Interior surface 
4$. The exterior surface 47 and the Interior 
surface 48 define an opening 49 to the space 

In Figure 5 there is illustrated a sectional 
view of a panicle generally indicated by the 
reference numeral 55 which U similar to the 
panicle 45. The panicle 55 has a wall portion 
56 defining an interior cavity 57 and an open- 
ing 58. Disposed within the cavity 37 is a 
liquid 59. The liquid 59 suitably may be any 
desired material which Is n on- reactive with or 
a non-solvent for the thermoplastic resinoua 
material of the panicle 55. h 

In Figure 6 there is depicted a sectional 
view of a body 62 of particles 63 which are 
formed by the simultaneous expansion and 
adherence of the panicles 6*3 to their adjacent 
neighbors. <; 

In Figure 7 there is illustrated an anicle or 
container generally designated by the reference 
numeral 70. The container 70 comprises an 
exterior wall portion 71 defining a cavity 72. 
Disposed peripherally about the wall portion V 
71 is an adherent coating 73 containing a 
plurality of expandable thermoplastic resinoua 
panicles having encapsulated therein a liquid 
blowing agent. (Relative size of, panicles is 
greatly exaggerated for clarity). j ( 

In Figure 8 b an enlarged schematic cross 
sectional view of a sutatratr JO having on one 
surface thereof a coating 81. The coating 81 ♦ 
comprises a* thermoplastic resinous binder 
having contained therein a plurality of expand- It 
able panicles. • • 

Figure 9 depicts an enlarged schematic sec- 
tional view of a substrate 80 having on one 
major surface thereof* a coating 81' comprising 
a binder 82 adhering together; a plurality of l j 
panicles 20. The costing 81' of risure 9 is 
readily achieved by heating the coating 81 of 
Figure 8 to a temperature at which the par- 
tic;cs as shown in Figure 8 expand to form the 
panicles 20. u 

Particles in accordance with the invention 
are readily prepared from a wide variety of 
materials. Advantageously, the particles In 
accordance with the invention are usually pre. 
pared by providing an aqueous dispersion of ]?• 
(2) organic mocomcric materials suitable for 
polymerization to a thermoplastic resinous 
material having the desired physical properties, 
(2) a non-polar liquid blowing or raising agent 
which exeru little solvent action on the result- 12 
ing polymer, which is employed in a quantity 
in excess of that which is soluble in the poly- 
mer, and (3) a dispersion stabilizing material 
which is utilized to maintain, the dispersion, 
subsequently polymerizing the monnircric 1* 
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material to wild spherical panicles having a 
- quantity of the liquid blowing agent eacapsu- 
« lated therein at a distinct and separate phase. 

A wide variety erf organic materials may ( be 
5 employed with advantage in the practice* of 
the invention. Typical « these are the aUenyl 
aromatic monomers. By the term "aJkenyl 
aromatic monomers" is meant a compound 
having the general formula: 
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Ar-C- CH, 

A 



^ . wherein Ar represents an aromatic hydrocarbon 
radical or an aromatic halohydrocarbon radical 
of the benzene aeries. Examples of such alkenyl 
aromatic monomers arc atyrene, o - methyl- 

15 aryrene, m - methylstyrene, n, • methyUtyreue, 
cthylaryrene, ar - vinyl - xylene, ar - chldro- 
aryreae or ar - b ro mosry r a*K. Various other 
aryrene derived compounds may be employed 
audi as vinylbcn2ylchJoride and p - ten. - 

20 butylaryraae* 

The acryUte monomers alone or in com- 
bination with the alktnyl aromatic monomers 
may alao be utilized. Such acryUte-rype 
monomers include monomers of the formula: 

R' O 

1 fl 

25 CH, — C — C — OR 

wherein R is hydrogen or an alkyl radical con- 
taining from 1 to 12 carbon atoms and R' is 
hydrogen or methyl Typical acrylate materials 
which may be used are methyl meihacryiate, 

30 ethyl acrylate, propyl acrylate, butyl acrylate, 
butyl me tha cry Late, propyl metha cry late, lauryl 
acrylate, 2 - eihylheiylacrylaie, and ethyl 
methacrylatc. 

Copolymers of vinyl chloride and vinylidene 

35 chloride, acrylonitrue with vinyl chloride, vinyl 
bromide, and similar halogenated vmyl com- 
pounds may be incorporated in compositions in 
accordance with the invention. Esters, such as 
the vinyl esters having the formula: 

0< 
0 

40 CH,- CH-O-C-R 

wherein R is an alkyl radical containing from 
1 to 17 carbon atoms, may also frequently be 
employed with benefit. Typical monomers fall- 
ing within this classification arc vinyl acetate, 

45 vinyl butyrate, vinyl stearate, vinyl laurate, 
vinyl mvnatate, and vinyl propionate. 

Beneficially, in certain instances and when 
using specific dispersing agents, it is frequently 
advantageous to incorpor a te in the polymeric 

50 material a portion of a copolymerizablc acid 
to further improve the geometric form of the 
particles in accordance with the invention and 
oftentimes provide increased adhesion of the 



resultant polymeric particles to various polar 
surfaces such as metal and wood. • S3 

Typical copolymerizablc acids are acrylic , 
acid, methacrylic acid, itaconlc acid, dtraconic 
acid, malcic acid, fumarie Kid, and vinyl- .. 
benzoic acid. 

A wide variety of non-polar blowing or 00 
raising agents may be incorporated within the 
polymerization system. They can be volatile 
.fluid-forming agenti such as aliphatic hydro- 
carbons including ethane, ethylene, propane, 
proper*, butenc, isobutene, neopentanc, 65 
acetylene, hcxane, heptane, or mixtures of one 
or more such sliphatic hydrocarbons havina a 
molecular weight of at least 26 and a boUlngy 
point below the range of the softening point of • 
the icsinous material when saturated with the 70 
particular blowing agent utilized. 

Other suitable fluid-forming agents* are the 
chlorofluoro-carbons, e.g. £Q,F, CQ»F t « 
CQP,, COFr-CClF, CFr— CC1F, and 

CF,~ CQF and tctraatkyl lilanca such aa 75 
tp.— CCIF 

tctramethyl silane, trimethylethyl silane, tri- 
mcthylisopropyl silane and triroethyl-n-propyl 
silane. The boiling point of such blowing agents 
at atmospheric pressure should be in about the 
same temperature range or lower than the 60 
softening point of the resinous material em- 
ployed. 

suspensions of monomelic materials for the 
preparation of particles in accordance with the 
invention are usually made employing a sua- 85 
pending agent such as water-soluble gum e.g. 
methyl cellulose, gum bar, . hydroxypropyl 
methylccllulosc, carboxy ntcthylcellulcse, col- 
loidal silica, .and colloidal clays, 

Usually, in order to initiate polymerization, 90 
a suitable catalyst, preferably of the oil-soluble 
variety, is incorporated within the monomelic 
system. Suitable catalysta include peroxide 
compounds and high energy ionizing radiation. 
Suitable organic peroxides include benzoyl 95 
peroxide, lauryl peroxide, tcrt.-butyl peracetate, 
ten.-butyl perbenzoate, cuxnene hydroperoxide, 
and crime r>c ethyl peroxide.. 

In preparing the particles in accordance with 
the invention, itjs desirable, although not 100 
necessary, to exclude oxygen and similar free 
radical chain-terminating materials from the 
system. This is readily accomplished by flush- 
ing the system with an inert atmosphere such 
as nitrogen. 1W 

Generally, in preparing the aqueous dis- 
persions to be polymerized in accordance with 
the invention, the monomer and blowing agent 
constitute a major portion of the oil phase and 
are incorporated with water in a ratio of from no 
1 : 1 oil-phase-to-water to 1:6. Usually, the 
suitable dispersing agent is incorporated within 
the water phase and the monomer, blowing 
agent, and catalyst arc mixed. It is benefUial 
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to provide violent agitation if the resultant 
panicles are desired to have a imall diameter. 

If extremely small panicles are desired, it 
may be necessary to use t homogtnJzcr or 
similar device in order to obtain uniform con* 
uoi of panicle sue. Zt is frequently beneficial 
to utilize s limited coalescence technique as 
described lo Speci/kation 802,061 in combina- 
tion with a mechanical homogenizer or similar 
devices that will subject the dispersion to con- 
ditions of high shear prior to polymerization. 
Using a limited coalescence technique droplets 
may be produced having a particle- size of 
from i to 50 microns. 

There are various additamcms which may 
be made to the poJvrnerixation system. Encap- 
sulation of a blowing agent may be obtained 
where the initial monomer charge contains a 
polymer dissolved therein, for example, 10—15 
percent by weight polystyrene is readily dia- 
solved in methyl racihacrylate and is polymer- 
ized in axtordance with the examples of this 
application, Stabilizers, lubricants and similar 
substances which oftentimes are desirably in- 
corporated into polymeric materials may be 
added with the monomer or blowing agent as 
desired. 

The order of the addition of the constituents 
to the polymerization usually is not critical, but 
beneficially it is more convenient to add to a 
vessel the water and dispersing agent, then 
add the blowing agent to the monomer, and 
incorporate the oil-soluble catalyst in the 
monomer mixture, and subsequently add with 
agitation the monomer phase to the water 
phase. The blowing agent or raising agent must 
be present in a proportion which exceeds the 
solubility of such an agent in the polymer 
formed. The proportion of blowing agent 
usually a about 20 to 30 weight per cent and, 
beneficially, is not leas than about .20 e.g. from 
20 to 95 and preferably from 50 to 95, volume 
percent baaed on the total volume of the poly- 
mer and blowing agent. When suitable blowing 
agents having desirable solvent characteristics 
for the monomer system being utilized are 
employed in quantities leas than 20 volume 
percent, that K baaed on the volume of the 
oil phase, separation frequently fails to occur 
and particles smaller in diameter than about 
40 microns do not expand on heating. 

Generally, for most applications, it is desir- 
able to prepare, a bead having so extremely 
small diameter such as from 1 micron to 50 
microns and, advantageously, between 2 and 
10 irucrooa. Such beads or panicles having a 
small diameter art? readily molded into shaped 
anicles having a smooth uniform texture, excel- 
lent insularioQ value, and high strength. Small 
particles are readily dispersed in gases such as 
air to prepare plastic smoke or fog. However, 
if desired, larger particles are readily prepared 
by utilizing a suitable suspending agent. Bene- 
ficially, on polymerization of a droplet of the 
desired size, the monomer, or monomers, as 
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the csie may be, polymerize to form s polymer 
shell such as the shell 12 of Figure 1 surround* 
ing s distinct and separate liquid phase of the 
blowing agent which is forced out of the mono- 
mer-blowing agent mixture of the bead as 
polymerization progresses. 

Generally, (n order to prepare the sym- 
metrical beads is shown in Figure 1, it is 
desirable to incorporate within the monomer 
mixture copolymcrizable polar systems, for 
example, if a non-polar monomer is bang poly- 
merized such as ityrene, in order tp assure that 
a majority of the panicles produced from the 
polymerization have a uniform wall thickness, 
it is generally desiraNc to incorporaaj from 1 
percent by weight o/ the monomer to 10 per- 
cent by weighj oi the monomer of a copolymer- 
izable polar system such as methyl meth- 
acrylate, acryljc acid, fumaric acid, and vinyl 
acetate. 

When polvrocric materials sre utilized which 
have softening points below 50°C, such as 
polyacrylates or acrylate copolymers whkh have 
a plasticizing monomer incorporated therein 
such as 2 - cthylhcxylacrylate, careful handling 90 
of the product is required. After polyraeriza- * 
tion in a pressure vessel if the product is to be 
isolated as an unexpended panicle the temper- 
ature of the reaction mixture, and the atmos- 
phere in which it is being handled, must be 95 
at least 5° below the softening temperature 
of the polymer. Otherwise, expansion will 
occur when the pressure is released from the 
polymerisation vessel. In many instances where 
the desired product is the expanded bead, the 
polymerization vessel may be vented at a tem- 
perature above the softening temperature of 
the polymer and a slurry of expanded particles 
obtained whkh are readily separated from the 
liquid by ffouu^j and dried by centrifugal ion 105 
and similar conventional methods. ' 

The copolymers of styrenc with from 1 to 4 
percent by weight methacrylic acid, and the 
copolymers of ityrene with 10 to 80 percent" 
acrylonitrile are particularly advantageously 110 
employed. These compositions, when polymer- 
ized in accordance wiih the invention, provide 
a product which consists of about 100 percent 
spherical particles having symmetrically en- 
capsulated therein a. blowing agent. Also advan- 
tageous sre those styrcne copolymers which 
provide symmetrical encapsulation in ac least 
80 percent of the particles prepared. These 
polymers are copolymers of stymie with from 
15 — *0 percent ty weight of vinyl benzyl 
chloride, also copolymers of styrcne and from 
1 to 8 percent by weight of acrylic add. 
Copolymers of styrenc and 2—10 percent of 
acrylottJtrile also provide a product which 
shows over 80 percent symmetrical encapsula- 
tion. At least 80 percent symmetrical encap- 
fulauoo is achieved in utilizing a polymer of 
acrylonitrile with from 7 to 60 percent by 
weight of vinylidene chloride. Vinyl benzyl 
chloride ^copolymers of onho-chlorostyrene 
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ind U particularly advantipcous for the incor- 
poration of addiraments into plastic masses 
in which the addlimem oftentimes It not 
readily diipersible and yet substantially uni- 

3 form ditperaion it required. Such pan idea alio 
aerve other unique function! luch at dye 
carrier? whereio • dispcnion of the dye ia a 
liquid Is incorporated within the cavity, the 
particlci dried to remove all moisture, and the 

10 outer lurfsccs pel fined by tumbling, thua 
resulting in a nuta of small panicles each con- 
taining a ponion of dye and presenting a clean 
exterior turf ace* If such dye ia a water-soluble 
dye, the panicles are readily added to water 

15 and the dye readily dissolved therefrom. 

Expanded beads or panicles preferably those 
having diameters of 0.5 to 5.0 microns in 
accordance with thn present -Invention are 
readiW incorporated In coatings. This often- 

20 times is more readily done by prvfoaming. or 
expanding the beads Into individual spherical 
panicles and subsequently admixing them in 
a suitable binder. Such a binder can be one 
of the lacquer tvpc, that is a binder dissolved 

25 in a solvent, or it can be an aqueous dispersion 
of a film forming polymeric material or even 
an aqueous solution of a film forming material. 
The precise snd particular type of binder or 
vehicle for the expanded panicles. will depend 

30 upon the particular composition of the 
expanded panicle which is utilized. Generally 
the vehicle should be of such nature that it 
does not chemically stuck or physically deform 
the • expanded panicles and allows them to 

35 remain in the finished coating as distinct 
physical entities. The relative amount of the 
binder employed in the vehicle will be depend- 
ent upon the. properties desired in the resultant 
coat in f. For example, if a porous bulky dbating 

40 is desired the proportion of binder is main- 
tained sufficiently small that the panicles are 
adhered together primarily, at their points of 
contact and iwumcient binder is provided to 
fill the interstitial spaces between the panicles. 

45 If an impervious coating is desired a larger 
quantity of binder is employed which results 
in a plurality of hollow spherical panicles dis- 
persed within a matrix of the "binder. In 
choosing a vehicle for a particular polymeric 

50 composition of expanded bead it is necessary 
that the vehicle should not exert a strong 
solvent action upon the panicle. Otherwise the 
insulating and other desirable properties of the 
coating which are achieved by using the hollow 

55 beada is destroyed and the resultant coating 
will be no more than that which is achieved 
by dissolving an equivalent amount of polymer 
in the vehicle end depositing it as a lacquer or. 
crushing the beads ptior to dispettal in the' 

60 vehicle. Coatings which utilize trie hollow 
spheres tend to be excellent light dispersing 
media as they provide a targe- number of 
internal surfaces, each of the surfaces being 
curved. - 

65 Suitable coatings formulated with expanded 



pankies in accordance with the Invention pro- 
viJe thermal insulation as well as a generally 
. attractive appearance. The thickness to weight 
ratio ol tucn coatings is generally substantially 
and signillcamly greater than usual coating "0 
materials thus providing insulation and resist- 
a nee to degradation by 1 sunlight and similar 
radiation. Beneficially temporary coatings are 
easily prepared by utilizing a water soluble 
binder. By way of illustration the expanded 75 
panicles may readily be dispersed in an 
aqueous syitcm utilizing a water soluble poly- 
meric material. For example, expanded 
panicles in accordance with the invention are 
readily dispersed in an aqueous system con- 80 
taining a water soluble polymeric material such 
as water soluble hydroxypropyi methyl 
cellulose, sodium carboxy cellulose, and gum 
agar. As with, other coatings utilizing the 
panicles of the Invention it may be applied by 85 
spraying, dipping, rolling, brush and the like 
and on drying provides thermal Insula don aa 
well as protccubn from radiation. However, 
when the coating is no longer h la readily 
removed by flushing with water. Among the.- 90 
permanent cosupgs one may utilize a solution 
of a thermosetting material such aa a phenol 
formaldehyde resin in water nr suitable solvent 
which provides a coaling that is not readily 
attacked by either water or organic solvents. 95 
Such insulating coatings arc advxnugeoualy 
used in many applications including, piping, 
duct work, walls, and the like. The water 
soluble coatings may be utilized for temporary 
frost protection on plants such as fruit trees 100 
and Bowers. 

Alternatively the unexpanded paniclca are 
readily incorporated into a suitable vehicle . 
containing a binder whidv must meet the 
limitations of a vehicle for expanded panicles 105 
but in addition must be thermoplastic. Where 
the unexpanded panicles arc employed, ia a 
coating with thermoplastic* binder, heating of 
the dried coating causes the panicles to 
expand and provide a foamed coating, no 
Advantageously such an expandable coat* 
ing can readily be used in a wide 
variety of applications including insulating . 
laminated bagi, frozen food containers, ice 
cream and cold drink containers as well M hot 115 
drink containers. Such foamable coarinp are 
particularly advantageous and beneficial where* 
in attractive texture effect is desired, as they 
are readily applied in such a manner as to give 
a non-uniform coating thickness; for example, 120 
if they are incorporated in a latex paint formu- 
lation and applied to • surface utilizing a 
roller having a long nap, the coating ha, a 
short term variation in thickness which on 
expansion gives rise to a corresponding varia- 125 ( 
tion in the expanded, thickness of the coating. 
The binders utilized with the expandable par- 
tides in accordance with the invention must be 
thermoplastic within a temperature range 
suitable to the particular panicle employed. 230 1 
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a thermoplastic 
resinous panicle containing at a distinctly 
separate liquid phaac in expandable liquid or 
blowinz agent it placed within the coating 
which has a softening point which ii substan- 
tially lest than that of the panicle, that it 
from about 70— 100°C. lower than the token- 
ing point of the panicle rcaln a relatively poor 
foamed coating will result. In such i case the 
temperature required to promote expansion or 
rekate of blowing aaem bv the pankles it 
sufficiently high that the vlscilty of the binder 
oftentimes will be too low for satisfactory 
foaming to occur. Because of the relatively low 
viscosity at the high temperature the blowing 
agent which it released from rupturable par- 
tick* in accord ance with the invention diffuses 
rapidly through the binder material as it is 
cooling and the resultant foam volume is 
generally less than that which could be ob- 
tained if a more suitabk binder were utilized. 
Although this is beneficial, certain exceptions 
exist, particularly la some of the plasticized 
polyvinyl chloride compositions whkh are 
relatively imp ervious to^ the, blowin g sgetuand 

"who* aow viscosity ass r Krwut*i! ripwiy* 

with temperature as do binders such at the 
vinylidcne chloride — vinyl chloride compo- 
titiona. The expandable coatings and coatings 
containing expanded panicles arc readily 
applkd by the common coating techniques. In 
coatings where the expanded pankles are 
utilized some precautions must be observed to 
maintain uniformiry of the coating composition 
as the hollow panicles exhibit a tendency to 
float. This tendency to stratify is somewhat 
less than might be generally pretupposcd par* 
uculariy in cases where the diameter of the 
panicles is relatively small, that is, below 50 
40 microns. The viscosity of such coating mixtures 
and Brown is a movement tends to make strati- 
fication a slow process. Usually in the prepar- 
ation of expandable coatings in accordance 
with the present invention it is desirable to 
45 maintain a sufficient quantity of binder in the 
coating then on expansion it will remain a 
coherent, adherent protective layer.* However, 
by reducing the volume of the binding material 
to a point where it is sufficient to bind the 
50 unexpsnded particles but insufficient to bind 
the expanded pa nick*, a coaung composition 
of this type provides an cxcelkm temporary 
coating whkh can readily be removed by the 
application of heat- By woy of illustration, it 
55 a metal surface is to be protected by a tern- 
porary coating which is to be removed without 
the application of solvent or other liquid means 
a coating of expandable particles in sufficient 
binder to maintain a coherent coat is applied 
60 to the surface. When the coating is to be 
removed the temperature is raised to the point 
where the spherical pankka expand. If a 
relatively noo- polar binder is employed, thai 
is, one with less than maximum possible ad- 
65 hesion to the metal substrate, the binder will 
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preferably adhere to the p*rt>vics as they 
expand. At the vulume of inc binder present 
Is Insufficient to maintain a coherent llim and 
the coating fails away as a dust leaving a clean 
metallic surface, the expandable coatings of 70 
the present invention inherently are intumes- 
cent. If a raising or expanding agent such as • 
halogenated compound is employed significant 
lire rctardani propcnki arc introduced. The 
foamabk coatings prepared utilizing halogen* 73 
ated materials, are found to be excellent Are 
rttardants. 

Coating compositions utilizing expandable 
particles are also beneficially employed for the 
fabrication of laminates. For example, a Ura- 80 
Inate is readily prepared coating a paper 
with an expandable coating, positioning the. 
two portions of the coated paper with their 
coatings in contact and heating the sheets IQ * 
temperature sufficient to pause the coatings W M 
expand and fu»e together. The resultant 
laminate is strong, light in weight, and exhibiu 
excellent insulating properties. Similar lam- 
inates are readily prepared , utilizing meullk 
foils, synthetic resinous film, various papers, 90 
x ^ ood pcnta&ndnh e like.* Sheets having an 
expandable coaling in accordance with the 
present invention may be treated by the selec- 
tive application of heat to provide various 
decorative parterns. For example, a sheet of 93 
material having an unfoamed coating on the 
surface may be xlectivcly treated with heat to 
prepare limited and patterned foamed portions. 
This is readily accomplished by using a heated 
ntylus applkd to the surfsce of the coated sheet 100 
remote from the coating or by the application 
of a heated patterned platen. Various designs 
and indicia are readily generated. Particularly 
advantageous is the use of a colored base sheet 
employing a clear coating formulation. On 105 
heating, the foamed ponions appear white or 
slightly tinted with the color of the base sheet 
and stand ouc in sharp contrast thereto. 
Alternatively a colored coating composition 
may be used and on foaming the intensity or 110 
depth of the color is greated reduced. Alter- 
natively, a foamed coating may be treated by 
the selective application of heat to emboss it* 
and generate decorative patterns. For example, 
if a sheet having a foamed coating thereon U5 
has a black surface underneath the foam it 
will appear white, provided of course the foam 
is of adequate thickness. On the application of 
a heated stylus or heated type the foam 
particles collapse and thr cooting is clear and . 120 
the result appears as a black on white. 

The cxpandabk panicles of the present 
invention are also advantageously employed in 
admixture with heat setting adhesive*, par- 
ticularly when adhesives are utilized on 125 
relatively uneven surfaces such as wood. When 
the adhesives containing a portion of the 
expandable panicks arc placed between two 
surfaces to be joined and heat applkd thereto 
the expansion of the panicles increases the 130 



l,044 f &JO 



buJk of the adhesive and forces it into contact 
with ihe surfaces to be Joined. Thus the adven- 
uses of conventional foaming adhesive tech- 
nique are gained with the additional bencht 
5 ihac ihe adheaive may be applied in thin Javcrs 
and nil! eipand in the deiirej* location. In a 
similar manner ihe expanded coatings may be 
utilised aa adhesivei themaelvea. If a tape or 
sheet is coated on both sides with expandable 
10 coalings and positioned between surfaces to be 
joined, heat applied, the p«rucJ<*4*pano\ , bond 
together and to the surfaces, thus providing in 
effect not only an adhesive but • gasket. ^ Ad- 
vantageously the expandable panicles of the 
13 present invention may beneficially be employed 
for the preparation of expandable resinous 
compositions. If cxpandible particles of the 
present invention are incorporated into a self- 
reacting material which is exothermic, the heat 
20 of the reaction may be sufficient to expand the 
particle* while the exothermic resinous sub- 
stance is curing, thus low density foamed 
resinous materia] is readily prepared from 
materials which are not easily or readily 
25 foamed by conventional method*. A* can be 
readily realised, the amount of heat liberated 
v by the reactive exothermic material will control 
in part ihe amount of expansion. If with the 
chosen composition the degree of expansion is 
30 not as much as could be reasonably expected it 
may be desirable to raise the temperature of 
the resin forming material prior to i» expan- 
sion. Particularly advantageous and benchcial 
as exothermic matrix within which to incor* 
35 porate the particles of the present invention 
arc the cpoxy resin systems. Heretofore there 
has been no convenient manner in which rigid 
or flexible epoxv resin foam could be generated 
having a low density such aa in the range of 
40 J— 3 pounds - per cubic foot (16—48 kgs./ 
cu m.) without the use of pressure equipment 
to restrain the mixture until foaming is desired. 
Utilizing the panicles of the present 
a curable cpoxy resin mixture may be filled 
43 with expandable panicles of the present in- 
vention, then suitable hardener may be 
incorporated to cause the cpoxy resin- to react 
and generate sufficient heat to expand the par- 
ticles and cure into a rigid body. Alternatively 
50 advantages and beneficial compositions are 
achieved when less exothermic materials are 
employed. For example, if an epoxy resin 
formulation b prepared which cures only to the 
B stage, that «, it ia solid thermoplastic and 
3$ will cure to a cross- linked material on further 
heating, a powder can be obtained which may 
be used in fluid bed coating or sprayed on to 
hot surfaces where it will expand on the appli- 
cation of heat Advantageously, epoxy resin 
60 expandable particle composiuoos are par- 
ticularly useful for encapsulation of structures 
such as electronic circuitry and the like. Epoxy 
resin foam compositions prepared utilizing the 
panicles of the present invention have low 
65 dielectric constants, that is, in the range of 



about 1.07 to 1.08, a Miisfactorv Ulwlpa don 
factor for mu»t spplications, thst is, a dlssipe- 
tion factor of about O.OU23 and ■ volume 
resistivity substantially greater than 10 ohmt 
cm\ Expandable coatings in accordance with 
ihe present invention arc advantageously 
utilized in the preparation of cupa lor jwt 
drinks and the like. Such cups are 
prepared by coating the paper from wmch tne 
cups are to be prepared or alternatively coating 
the cups after fabrication. By utilizing an 
aqueous dispersion of a film forming latex 
together with the expanded panicles of the 
invention, cups may be prepared which are 
readily stackable ,and occupy little If any more 
apace than is normally occupied by- conven- 
tional paper cups. Usually cups having • 
foamabfe coating may be fabricated from 
lighter paper or plastic, that is, thinner paper 
or plastic and consequently weigh less and 
occupy less apace. Cups having an expandable 
coating are readily prepared for service by 
subjecting to heat immediately pnet to use 
and after they arc unstacked. One particularly 
advantageous embodiment of the U-vnton 
incorporates a cup formed from a Liin wjll 
sheet and having on at least * portion of «• 
outer surface a coaijng which wiU loam at a 
temperature of about 55°C With a coating of 
this nature it is possible to expand the coating 
to give an insulating layer by a simplcaddiuoo 
of a heated liquid to the container. Thus in a 
dispenser for hot, beverages such as coffee. It 
is only necessary that the hot liquid be added 
to the cup in order for the insulating coawngto 
appear. The disadvantages of a prefoamcd 
coating are avoided as the necessity of prc- 
treating the cups in an oven or the like pnor 
to serving. Generally low temperature foaming 
coatings are most advantageously prepared 
utUixing either the particles showing symmetri- 
cal encapsulation or asymmetrical encapsulation 
together with a film forming lacquer or prefer- 
ably an aqueous latex of a film forming poly- 
mer which has a relatively low transmission 
rate for the volatile expanding agent utilized 
in the panicles. ^, . 

Beneficially, expandable or blowing agent 
containing panicles which arc relatively soft 
and indeed which may never exist under nor- 
mal ambient conditions as individual discrete 
expanded bodies at a temperature above their 
softening point are readily utilized. Typical 
compositions which 'are beneficially employed 
for this application are those polymcthyl 
acrylate, methyl methacry late-methyl acrylate 
copolymers in about a 1 :4 ratio in the copoly- 
mer and utilizing neopentane as * blowing 
agent, styrene butadiene copolymers having 
from about 20-40 pans of styrene and about 
80—40 pans butadiene and the Use- xne 
softer copolymers generally do not lave ex- 
tended shelf life or stability, that is, there is a 
relatively rapid tendency of these cwnposiuona 
to lose their blowing agent to the surrounding 
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atmosphere. ^However, when admised with ■ they do not expand to the tame degree a. a 

. material tuch' aa vinylidene chloride, copoly* materia) without the dif unctions! monomer. 6) 
men such at these film forming matcrisls The invention ii further illustrated, but not 

containing /ran 30 — 93 percent vinylidene limited, by the following examples. Example 

5 chloride with another monomer copolymer!*- 44 ii inserted for compa/ison purposes, 
able therewith, vcty satisfactory expandable I 
coatings are obuined. The softer materisls also Example 1 

provide foemable coatings if extreme shelf A (Jblymcrization reactor equipped with sn 70 

stability is not required. Such psniclcs, agitator was charged with 100 pans of dc« 

10 although not readily expanded ai individual ionized water snd 15 pans of a 30 weight per* 

panicles when deposited on a convenient cent colloidal silica dispersion In water. The ( 
substrate fonn a continuuua .film which* on- colloidal silica, dispersion was 30 weight per- 9 

further heating, will form a foamed coating, cent solids and available under the Registered 75 

Advantageously expandable thermoplastic Trade Mark of "Ludox HS". To this mixture 

15 resinous beads having a non-polar volatile was added 2 J pans of a 10 weight percent ' 

liquid incorporated therein may be utilized as aqueous solution of a copolymer prepared from 

a means of handling or adding a volatile com- diethacaJ amine and adipic acio in equimolsr 

ponent to another system. For tuch applica- pr>ponions by carrying out a condensation SO 

tions, it is generally advantageous to maintain r -anion to giyr a product having a* viscosity 

30 as high a proportion by weight of the eucap- of stout 100 centipoisea at 25°C One pan of 

aula ted blowing agent in the f*> nicies ai is a solution containing 2.5 wcightpercent potas- 

, possible. Benencially. such panicles are pre- sium dichromatc was added. The pH of the 

pared ia a substantially identical manner with aqueous solution was adjusted to.4 with hydro- 35 

the exception that considersbly less polymcriz- chloric acid. Methyl methacrylate was utilized 

25 able monomer la utilized. The precise pro- aa the monomer. An oil phase mixture was 

portion of polymer to volatile liquid employed prepared utilizing 100 pans of methyl meth- 

will depend to a major extent on the desired acrylate and containing 20 % weight percent 

size of the panicle and the diffusion rate of neopentanc (27.6 volume percent based on 90 

the blowing agent through the panicle .wall, the total volume of the monomer-neopenxane 

30 , If the panicles are to be utilized in such a mixture) and 0.1 pan of benzoyl peroxide as 

manner that they are transferred directly from a .catalyst- The* oil phase mixiuSc was added 

a scaled container to a suitable system such as, to the wa4r phase with violent agitation sup- 

for example, il they are being added to a ' plied by a blade rotating at a speed of about 05 

resinous matrix tuch as an epoxy resin, the 10,000 rpm. The reactor was* immediately 

35 diffusion rate of the blowing agent from the sealed and a portion sampled to determine the 

bead in a normal atmosphere may be relatively panicle size. The droplets appeared to have 

high as the time required to transfer panicles diameters of from 2 to 10 microns. After the 

from the sealed container to their ultimate initial dispersion, the reaction mixture was 100 

destination will be small and any blowing sgent maintained at a temperature of about 80°C 

40 loss will be pTOportionateJv low. However, if for a period of 24 hours. At the end of this 

longer term shelf, stability ts desired or neces- period, the temperature was lowered and the 

sary the polymer shell must be, proportionally reaction mixture had the appearance of white, 

thicker for a given resin and offer suitable milky liquid similar to a chalk-white milk. A ]05 

resistance to the diffusion of the blowing agent portion of the mixture was filtered to remove 

45 . from the. particle. Oftentimes it is advantageous the beads and ihe-heads subsequently dried in 

to utilize larger panicles, that ia, in the an air oven at a temperature of about 30°C A 

50—1000 micron range; for such applications; portion of the dried beads were heated in an 

the larger particles require less polymer per air oven at a temperature of 150°C for about no 

unit volume of blowing agent for identical loss 3 minutes. Upon heating, the beads showed a 

50 of blowing agent rates. marked increase in volume. Microscopic 

Generally! in preparing particles with high examination of the beads prior to foaming 

proportions of blowing agent, that is, in excess indicated beads having diameters of from 

of 50 percent, and more particularly in the about 2 to about 10 microns and having dis- H5 

range of 75—95 percent by volume of blowing perscd therein a. distinct spherical zone which 

55 agent, it is often desirable to employ a mono- appeared to con&in liquid and a small vapor 

mer system which on polymerization results in space. The beaoa which had been heated were 

a cross linked polymer shell. Such systems examined microscopically and were found to 

contain up to 10 parts of a crosslinking agent have diameters of from about 2 to 5 times the 120 

such as divinyl benzene, propylene glycol di- diameter of the original bead and to have a 

60 meihacrylau or diallyl phthalate. Contrary to relatively thin, transparent wall and a gaseous 

the normal expectations, such copolymers are centre, ix. t a monoceLl. 

generally not rigidly cross linked, and on heat- Following the procedure of Example 1 the 

ing are capable of expansion. However, usually following products were prepared: 125 
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Example 



Monomers 



Pirts Blowing Agent Volume Percent Result 



Mcihylmcthacryl- 
ate (MMA) 

Siyracc 

MMA 

Ethyl mcihacryl- 

ate (EMA) 
Di vinyl benzene 

(DVB) 

MMA 
EMA 
DVB 

EMA 



80 

20 
90 



10 

0.05 



10 
90 

0.05 
100 



Neopentane 



Ncopenune 



27.3 Symme* 
. trical 
beads 



31.3 Symmi- 

tncsl bods * 



31.3 



36.5 



Asymme- 
trical beads 





DVB 


0.05 








6 


•. 

till A 

MMA 

o*Chlorostyrenc 
DVB 


(VI 

¥0 
10 

0.05 




31 .7 » 


i 

JVTTUUC* , 

tncal 
betda 


7 


MMA 
o~Chiorostyrene 


in 
ill 

90 


M 


£y . y 


n 


8 


o-Chiorosryrenc 


100 


*» 


35 3 


• 


9 

» 


Vinytbcnxyl 
chloride 


100 


M 


35.4 


M 


10 


MMA 
Acrylonicrtle 
(VCN) 
DVB 


90 
10 

0.025 


Ncohexane ^ 


29.8 


M 


11 


MMA 

VCN 

DVB 


50 
50 

0.025 


r» 


28.4 




12 


MMA 
p- tertiary butyl 
styrene 
DVB 


90 
10 

0.05 


»» 


29.9 




13 


MMA 
p- tertiary butyl 
sryrene 


70 
30 


M 


39.6 


<50 sym. 
>50 asym. 


14 


MMA 
Vinyl accutc (VA) 
DVB 


80 
20 

0.05 


Neopcntane 


31.3 


Synxnu 


15 


MMA 
VA 


10 
90 


»» 


31.2 




16 


MMA 
Butyl acrylate 
(BA) 
DVB 


90 
10 


•» * 


31.05 






0.05 









Example 



Monomers 



Pam Blowing Agcni 



1 1 



Volume Pcrccnf Rc*ull 



17 
18 
19 
20 

21 
22 
23 

24 
25 

26 

27 

28 

29 
30 

31 

32 

33 
34 



MMA 



D\>D 



Stryenc 
DVD 

Sryrcnc 
DVB 



100 



0.05 



100 
0.05 

100 
0.05 



Styrcne 
Ethylene glycol 0.2 



100 

I 

dimethicrylaie (EGD) 



Styrcne • 100 



Styrcne 99 
Methacrylic Acid 1 
(MMA) 

Sryrcnc 96 

MAA 4 

Sryrcnc 84 

MAA 16 

Styrcne 83 
MAA 2 

VBCJ 15 
DVB 0.05 

Styrcne 99 
Acrylic Acid (AA) 1 

Styrcne 98 

AA '2 
EGD 0.12 

Styrcne 98 
MAA 2 
DVJJ 0.05 

Vinylidcne Chloride 91 



VA 
MMA 

VA 



70 
30 

100 



' Ncopcr.tane . 
liopentane 

DichJorotctra- 
lluorocthanc 
(DCTFE) 

Neopentane 
DCTFE 
Neohexanc 

Ncopcntanc 



DCTFE 



Ncopcntane 



39.55 

21.1 

27.) 

25.4 

38.8 
61.4 
37.45 

23.0 

23.0 
33.0 

33.0 

39.44 

38.8 
34.05 

36.6 

36.6 

31.2 
31.2 



Aaym. 

Aj»ym. 
Sym. 



A»ym. 



Major 
Asym. 



Sym. 



Major 

Sym. 



Major 
Asym. 

Sym. 



Sym. 
Sym'. 
Sym. 
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Example 


Monomers 


Tart a 


Blowing Agent 


Volume Percent 


Result 


35 


MMA 
AA 


98 
2 


Isobutylcne 


26.8 


•Sym. 


36 


mMa 

AA 


98 
2 


n-Buunc 


3.85 


»■ 


37 


Styrcnc 

MAA 
DVB 


. 98 
2 

0.Q5 


1,1-dichlorotctra- 
fluorocthylcnc 


38.0 




38 


Styrcnc 
MAA 


. 99 .6 
0.4 


Neopehtane 


33 


80% Asym. 


39 


o-Chlorostyrcne 
MAA 
DVB 


92 

^ - 

0.05 


t> 


37.8 


Sym. 


40 


Styrcnc 
VCN 


95 
2 


•» 


33.0 


80% Sym. 


41 


Styrcnc 
VCN 


90 
10 


» 


33,0 

• 


Sym. 


42 ■■' 


Styrcnc 
VCN 


20 
80 


M 


38.0 


Sym. 


43 


Styrcnc 


60 


•t 


12.8 


Major 
Sym. 




VCN 


40 


» 




Some Asym. 


44 


Styrcnc 
VCN 


60 
40 


>» 


6.8 

• 


No en- 
capsulation 


45 


Vinyl chloride 
(Vd) 
Vcd, 


30.6 
45.6 


n 


30.4 


Sym. 


46 


MMA 
Vcd, 


100-10 
90— 0 


m 


34—39.5 


Sym. 


47 


Methyl Acrylatc 


100 


Neohcxanc 


59.5 


Sym. 


48 




100 






•• 


49 


MA 

MMA • 


90—70 
10-30 


Isopcnunc 


31-33.8 


Sym. 


50 


MMA 
EGD 


90 
10 


Neopcmane 


60—96.5 


Sym. 


' 51 


v,0 iu 


80 
20 


•• 


32 


Sym. 


52 


MA 
VCN 


10—90 
9O—100 


»» 


30.8—33.9 


Sym. 
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Exammj 53 
A polymerization rciction was charged with 
100 pans of unionized water and 15 grama of. 
• 30 percent by weight colloidal silica dispcr- 
lion. To ihii mixture was f»ddcd 2 1/2 paria 
of a copolymer prepared from diethaool amine 
and adlplc Kid in cquimolar proportiona to 
give a product having a viscosity of tbout 5 
centipoJaca at 23 °C One (1) pan of a solution 

> containing 2 1/2 percent potassium dichrcmate 
was »dded to the polymerization reactor. "ITie 
pH of the aqucoua mixture was adjusted to 4 
by addition of hydrochloric acid.' Seventy- seven 
(77) pina of a monomer mixture comprising 

5 70 percent by weight of acrylonitrite and . 30 
percent by weight of vinylldene* chloride waa 
catalyzed wlrh one-half to 1 percent of 2,2 
azo - Ma - iaoburyro nitrile. to this monomer 
mixture waa added 23 weight percent (30.3 

> volume percent) baaed on the weight of the 
oil phase of neopentane. lite reaction mixture 
waa subjected to violent agitation by a blade 
rotating at a • peed of about 10,000 rpm. A 
portion of the conicma waa sampled to deter- 

» mine particle size and the reactor immediately 
scaled. The monomer neopemane droplets 
appeared to have diameters ranging from about • 
2 to about 5 microns. The reaction mixture waa 
maintained at a temperature of about 55?C 

> for a period of 24 hours. Gentle agitation was 
maintained during this reaction period and at 
the end of the reaction period, the temperature 
of the mixture was lowered to about 30°C. The 
reaction mixture had a chalky-white appear- 

' ance similar to milk. A portion of the mixture* 
was filtered to remove the small beads and the 
beads subsequently placed in an air oven at a 
temperature of about 30°C A portion of the 
bcada *u heated to a temperature of about 

> 150°C for a period of about 2 minutes. At 
;hii temperature the beads expanded and 
turned dark. The product, prior to heating, 
appeared under a light microscope to have a 
fine structure to the surface, and contained a 

? liquid centre of neopentane. 

Exam pl s 54 
Beads prepared in accordance with Example 
1 were confined within a mold in a quantity 
sufficient to fill the mold when expanded. They 

) were heated to a temperature of about 140°C 
for a period of three minutes. The mold and 
contents were cooled and the resultant article 
w»* found to conform to the smooth configur- 
ation of the mold. It had a white appearance 

S and the tin/ cells were not readily detectable 
by means of the naked eye. It waa strong, 
durable and apparently had a smooth surface. 
On inicroacopic examination the individual 
part* :1c* appeared to be tightly bonded to- 

0 geihe', each forming an individual cell. 

Example 55 * 
Expanded polymethyl methacrylate panicles 
prepared in accordance with Example 1 and 



hiving diameters of 2 — 3 microns and a voij 
to polymer ratio of approximately 20: t I.e., 65 
a bulk demity of approximately U.G6 were ad- 
mixed with water in a ratio of 15 pans by 
weight of particles to 85 pans of water. Fifty, 
eight parts of the resultant dispersion were 
admixed with 28.6 pans of a synthetic mtr.cj; 70 
latex prepared from 67 pans by weight of 
ethyl strylatc and 33 pans r*y weight of 
methyl methacrylate. 'litis latex was 50 per* 
cent solids. 13 5 Pans of a 2 percent 
by weight hydroxypropylmcthyl cellulose 75 
solution was added to the latex ex* 
panded panicle dispersion. The methyl 
cellulose served as a viscosity controlling agent 
to permit brushing. The resultant material 
wis then brushed on to a half inch diameter 80 
(1.27 mm.) copper tube and permitted to air 
dry. This procedure was repeated resulting in. 
a coating about 8 mils (0.2 mm.) in thickness. 
A ponion of the half inch copper tube was 
coated with the latex alone until a coating 83 
thickness of 8 mils (0.2 mm.) was obtained (dry 
thickness). Water at a temperature of about 1 
to 2°C was then pumped through the tube 
while the tubing was maintained in a room 
having a temperature of about 22°C The 90 
surface temperatures of the coated and un- 
coated tubing were measured by means of a 
surface pyrometer. The bare copper surface 
temperature at the inlet and outlet of the tube 
measured 4 1/2° and 5 1/2°C respectively. 95 
The latex coating measured about 9°C where- 
as the surface of the coating containing the 
expanded panicles measured 18 1/2°C. 



Exam TLB 56 
A ponion of the coating composition of 100 
Example 55 employing the expanded particles 
was applied to bond paper and permitted to 
air dry at about 24°C to result in a coating 
about 5 mils in thickness. The resultant coating 
almost totally obscured printing on the bond 105 
paper, adhered well to the paper, and provided 
an insulating coating thereon. 

Example 57 
A coating composition was prepared utilizing 
unexpanded dry particles as prepared in 110 
Example I, wherein 50 pans by weight of the 
particles were admixed with 122 pans of an 
aqueous latex, 41 percent solids which was 
prepared by utilizing 50 percent by weight 
methyl methacrylate, 46 percent by weight f 15 
normal butyl acrylatc and 4 percent by weijht 
acrylic acid. Two coatings of this formulation 
were applied to the outer wall of a paper cup 
with air drying between the coats and after the 
last coat. On heating the cup to a temperature 120 
of 130°C. a white opaque foam coating waa 
obtained which provide I adequate insulation 
for hot beverages such ss oflee. No tendency 
was observed for the coa:» ■ to peel or other- 
wise be removed from the ..... ncr. 0.5 



In a manner limilir 10 the foregoing 
example, utilizing ihe 70:30 copolymer of 
methyl aery late and methyl methacrybtc, ■ 
5 thin plastic nip made from a K r *ft copolymer 
of 93 percent uyrcne on polybutadicnc rubber 
was similarly coated and subsequently eipandcd 
at 70 P C. to provide commensurate henehcial 
results. 

10 Example 39 

Tte coaling .composition of lixamplc 3J 
was brushed over the entire outitde surface of 
a paper cup and the inside of an identical paper 
cup until a coating thickness of shout 5 mils 

15 (0.13 mm.) was obtained on each cup. The 
cups wtre then nested with the coated surfaces 
adjacent and facing each other. The ncsird 
cups were placed in an air oven at H0°G The 
coatings expanded, and fused together forming 

2° a rigid unitary article. The resultant laminated 
cup was strong and rigid. Similar beneficial 
results were obtained when sheets of paper 
were treated in a similar manner and the 
coatings foamed in contact with each other. 

25 EXAMTLE 60 

The procedure of Example 58 was repeated 
wherein the various binders were employed 
including a latex about 45 percent solids pre- 
pared by polymerizing 40 percent styrene and 

30 60 percent 2 . cthylhcxyl aery I ate, a latex 
about 40 percent solids prepared by polymeria 
ing 15 parts of styrene, 55 pans of isobutyl 
acrylate, and 30 pans of acrylic acid, a latex 
prepared by polymerizing 60 parts of styrene 

35 and 33 pans of butadiene. 

Example 61 
A coating composition was prepared using 
166 pans by weight' of a suspension pf the 
expandable panicles prepared in Example 1 

40 wherein the solids concentration was 30 percent 
by weight, 120 pans by weight of a latex, 41.7 
percent solids and prepared by the enpoiy- 
mcrizatiofl of 40 pans of styrene and 60 pans 
of 2 • cthylhexyl acrylate, and 15 pan* hy 

45 weight of a 5 percent by weight solution of a 
sodium polyacrylate commercially available 
under the trade designation of "Acrysol GS*\ 
( M Acrysoi M is a registered Trade Mark). This 
coating formulation was applied to a wooden 

50 panel which had been previously coated with 
two coats of a blue colored lacquer. This coat- 
ing adhered well to the surface, showed no 
tendency to crack or peel therefrom, but on 
heating with a .blast of hot air the particles in 

55 the coating expanded, and the coating released 
from the surface leaving the dean surface of 
the blue lacquer. In a similar manner, metal 
panels were coated with the above-mentioned 
composition and dried to provide ■ continuous 

60 protective film. On heating of the coatings 
they released from the surface to leave a clean 
metal surface. 



, I'XAMFLK 62 

A mixture wai prepared utilising 200 pans 
i f a 35 percent solids natural rubber- latex, 30 63 
parts by weight, of dry uncxpinded panicles 
prepared in accordance with Example. I, two 
parts of a rubber anti-oxidant solid under the 
# trade dciign.Minn of "Wingsiay S" and 50 pans 
hy weight of water. ("Wlngajty" i, a registered 70 
I rade Mark). These components were mixed 
to a uniform dispersion and coagulated by the* 
addition of hydrochloric acid while agitating. 
When this dispersion was completely co- 
agulated, the coagulum was separated and 75 
vacuum dried at about 23 "C for 48 hours. A 
rectangular portion waa cut from the dried 
mass having the relative dimensions of 1, 2 
and 4 and placed in an air oven at a temper- 
ature of 165°C fnr 5 minutes. An enlarged 80 
replica of the original piece was formed which 
had a density of 18.3 pounds per cubic foot 
(292 kg./cu.m.). It was observed that the 
expanded material waa stiffer than prior to 
expansion while still retaining elaitomeric 85 
characteristics. "Ihe cnmprcsMvc strength 
of the expanded material was significantly 
higher than most sponge rubber*. Microscopic 
examination of sections of the body indicated 
thai the expandable panicles maintained their 90 
identity. Other samples of the above -delineated 
composition were foamed by means of dielectric . 
heat to densities of about 14 pounds per cubic 
foot (224 kg./cu.m.). The unexpanded portions 
varied in thickness from about. 1/4 nf an inch 95 
to one inch (0.63 to 2.5 cm.). 

Example 63 
One hundred parts by weight of an cpoxy 
resin composition was prepared utilizing* a 
mixture of a condensation product of Bisphenol 1 
A and cpichlnrohydrin under the designation 
of D.H.R, 331 (Registered Trade Mark), 3 
pana by weight of water, 1 2 parts by weight of 
tricthylcncdiaminc and 16 parts by weight of 
dry particles prepared in accordance with 10 
Example I. Mixing of the above components 
resulted in a foa enable material that expanded 
to a rigid foam having a density of about 2 
pounds per cubic foot (32 kgs./cu.m.). . An 
alternate method of formulating the expandable II 
cpoxy composition i« to employ a minor por- 
tion of the met hyic net ctra amine such as two 
parta hy weight of the tricthyienctctraamine, 
a panial prcpolymcr is formed having a sig- 
nificantly increased viscosity. Subsequent addi- 115 
lion of the remaining 10 pans of the .tri- 
cthyienctctraamine causes the generation of 
sufficient heat to expand the panicles and 
provide a rigid cpoxy foam. 

Example 64 i 
A polymerization reactor equipped with an 
agitator was charged with 100 pana of de- 
ionized water and 60 pans of a 30 weight per- 
cent dispersion of colloidal silica in water. The 
colloidal silica dispeujta was 30 percrm by 123 
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7. A pankle n claimed in any one of Claims 
1, 2, 3 or 5 wherein the thermopLutic resinous 
material comprises polystyrene. 

8. A aanicfc si claimed in sny, one of Claims 
3 1 to 6 wherein the thermophilic rciinoui 

material comprises a polymer of methyl meth* 
acrylate. 

9. A panicle in accordance with my one of 
Oaima J 10 6 wherein the ihcrmoplaitic 

J° rainout material it a copolymer of methyl 
mcthacrylatc wiih styrene, ethyl meihacrylate, 
0 • chlorostyrene, acrylonitrile, p . tertiary, 
butylstyrenc, vinyl acetate, or buty acryUte. 

10. A panicle in accordance with any one 
13 of Cairn* 1 to 6 wherein the thermophilic 

reiinoui material it a copolymer of itvrene with 
methacrylic acid, acrylonitrile, vinylbeniyl 
chloride, or acrylic acid. 

1 1. A particle in accord 1 nee with any one of 
Ciaima I to 6 wherein the thermoplastic 
rcsinou* material comprise* a polymer of 

t acrylonitrile and vinylidene chloride. 

12. A particle In accordance with any one of 
Qaimi 1 to 6 wherein the thermoplastic 

25 r ctinout material it a polymer of vinylbeniyl 
chloride. 

13. A panicle in accordance with any one of 
CJaimt I to 6 wherein the thermoplastic 
resinous material it a copolymer of o - chloro- 

30 tryrcne and acrylic acid. 

14. An assembly comprising a plurality of 
the panicles claimed in Claim 4 in closely 
spaced adjacent relationship, a thermoplastic 
resinous binder surrounding at leait a major 

35 penion of the panicles and adhering the 
panicles together. 

13. An assembly as claimed in Claim 14 
wherein the thermoplastic resioous binder is 
adhered to at least one surface of a substrate. " 

60 16. An assembly as claimed in Claim' 13 
wherein the panicles and binder form a sub- 
stantially continuous layer. 

27. An assembly as claimed in Claim 13 or 
Claim 16 wherein the substrate is a fibrous 

43 ccilulosic material or a thermoplastic resinous 
material. 

18. An assembly a, claimed in Claim 13 or 
Claim 16 wherein the substrate is a container. 

19. An assembly at claimed in Claim 18 
50 wherein the thermoplastic resinous substrate is 

in the form of a drinking cup. 

20. An assembly comprising s plurality of 
thc_ j*nicsca claimed in Claim 4 dispersed 
within a hardenabJe resinous material. 

53 21. An assembly as claimed in Claim 20 
wherein the hardenable resinous material is an 
exothermic material which, on curing, provides 
sufficient heat to cause the panicles to expand. 

22. An assembly as claimed in Claim 21 
60 wherein the hardenable resinous material is an 

epoxy resin. 

23. A coating comprising a plurality of 
thermoplastic resinous panicles having encap- 
sulated therein a non-poJar volatile blowing 

65 agent aa a distinct and separate liquid phase, 



the psnicles being adhered together by means 
of a flexible thermoplastic resinous binder, the 
binder being present in 8 proportion just suflW 
cient to adhere the panicles together and 
adhere them to a substrate. 70 

24. A method for the preparation of mono- 
cellular expandable thermoplastic resioous 
polymer panicles comprising dispersing a 
polymcrlxablc monomer containing between 20 
and 93 per cent by volume baaed on the volume 73 
of the oil phase of a non-polar volatile blowing 
agent in a -non- solvent dispersing medium to 
form a plurality of droplets And polymerizing 
the droplets tr form rigid generally spherical 
9 polymer sheik, containing encapsulated there- 60 
in a discrete, liquid phase of the non-polar 
volatile blowing agent. 

; 25. A method at claimed In Claim 24 where- 
in the monomeric material containing the 
volatile blowing agent is dispersed in an 63 
aqueous dispersion medium utilising a sus- 
pending agent adapted to give limited coales- 
cence technique to provide a generally narrow 
rsnge of panicle sue distribution. 

26. A method as claimed in Claim 25 90 
wherein the* limited coalescence dispersion 
system provides droplets having • panicle 
diameter of from 1/2 micron to 50 microns. 

27. A method of preparing ah expandable 
thermoplastic resinous particle having sym- 95 
metrically encapsulated therein • quantity of a 
non-polar liquid volatile blowing agent com- 
prising polymerizating. methyl methacrylate in 

the presence of from 20 to 95 per cent based 
on the volume of the oil phase, of the volatile 100 
blowing agent therefor while the monomer and 
blowing agent are dispersed in the form of 
spherical droplets in an aqueous suspending 
medium. 

28. An expanded* thermoplastic resinous 105 
panicle having a generally spherical cup-like 
configuration. 

29. A panicle as claimed in Claim 28 having 
a generally circular opening. 

30. A method for the preparation of mono- 110 
polymer particles sub- 



cellular thermoplastic r , w , 

stantially as described with reference to any 
one of Example* 1 to 43, 45 to 53. and 62 to 
64. 

31. Monocellular thermoplastic pan idea J 15 
whenever prepared by the method claimed in 
any one of Claims 24 to 27 or 30. 

32. A method of coating articles substantially 
as described with reference to any one of 
Examples 55 to 61 and 64. j^0 

33. Ankles whenever coated by the method 
claimed in Claim 32. 

34. Monocellular thermoplastic polymeric 
panicles substantially as described with refer- 
ence to Figures 1 and 2 or 3 and 4 of the 125 
accompanying drawings. 

35. An assembly aa claimed in Qaim 14 
substantially as described with reference to 
Figures 7 or 8 and 9 of the accompanying 
drawings. j^q 
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